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INTRODUCTION
Heart failure (HF) is a disease with high mortality [1] and an estimated prevalence up to 3% in the European population [2] . This prevalence increases exponentially with age, especially in patients older than 75 years. As the main cause of hospitalization, in patients over 65, HF is also associated with high costs. Despite recent advances in treatment, mortality is still high (12% per year) in stable patients, and there is a high rate of hospital readmissions due to worsening HF [3, 4] . Even though a high number of clinical parameters have been associated with poor outcome in patients with stable HF, the assessment of prognosis is still a challenge [5, 6] . Multiple biomarkers have been suggested to identify patients with worse prognosis, such as some interleukins, natriuretic peptides, endothelin, ST2, and several fibrosis markers [7] [8] [9] [10] [11] . Although most of these effectively select patients with high risk of death, only circulating levels of natriuretic peptides have proven useful in clinical practice. Natriuretic peptides are released when ventricular wall stress and ventricular end-diastolic pressure increase. Thus, an elevated level of either brain natriuretic peptide (BNP) or the amino terminal portion of N-terminal pro-BNP (NT-proBNP) in peripheral blood is associated with decompensated HF. The negative and positive predictive values of these peptides to diagnose HF have been widely studied [12] [13] [14] . Moreover, they are useful in the assessment of prognosis after a HF admission [8] . However, certain limitations affect the more extensive use of natriuretic peptides [15] . Carbohydrate antigen 125 (CA125) is a biomarker previously used in the detection and monitoring of some cancers, especially ovarian cancer [16] . It is a highmolecular-weight glycoprotein synthesized by epithelial cells of the serosa when there is inflammation and increased interstitial fluid; therefore, its level is elevated in the presence of pleural or pericardial effusion and ascites. Elevated CA125 has also been found in patients with HF, with or without fluid retention [16] [17] [18] [19] . Although its release mechanisms are not yet well understood, they correlate with increased left ventricular end-diastolic pressure, higher BNP level, and worse New York Heart Association (NYHA) functional class [20, 21] . Moreover, previous studies of BNP and CA125 in acute HF have demonstrated an additive prognostic value of CA125; therefore, the determination of both biomarkers would improve risk stratification [22] . The advantages of CA125 determination with respect to natriuretic peptides are its higher stability in the circulation and lower cost [23] . The usefulness of CA125 measurement to assess prognosis in patients admitted with acute decompensated HF has been previously demonstrated [19] [20] [21] [22] . However, information is lacking on its value in assessing the prognosis of patients with stable chronic HF. The aim of this study was to analyze the prognostic implications of increased CA125 concentration in peripheral blood and whether it adds prognostic information to NT-proBNP in stable HF patients.
MATERIALS AND METHODS

Study population
The population was a prospective cohort of 156 patients diagnosed with HF and remitted to the outpatient HF unit for monitoring from 2009 to 2011. Patients were included in the study if they had a previous documented episode of HF and received HF treatment. The diagnosis of HF was made following the Clinical Practice Guidelines of the European Society of Cardiology [24] . HF treatment included angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin Ⅱ receptor blockers (ARBs) if ACEIs were contraindicated, beta blockers, diuretics, and aldosterone antagonists, with individualized assessment of treatment indication and optimized doses per recommendations of the Clinical Practice Guidelines of the European Society of Cardiology [24] . We excluded patients in unstable HF (NYHA functional class Ⅳ), patients with hemodynamic instability, or those diagnosed with cancer or systemic diseases that could shorten life expectancy. Patients with valve heart disease waiting for surgery repair were also excluded from the study. A 12-lead electrocardiogram (ECG) chest radiography and echocardiogram were performed in all patients to establish the HF etiology. Left ventricular systolic dysfunction was considered when ejection fraction was < 50% [25] and ventricular hypertrophy when ventricular septum or posterior left ventricular wall thickness was > 11 mm. Ischemic heart disease was diagnosed if pathologic Q waves were observed on the ECG or significant coronary lesions on the coronary angiography. Valve heart disease was diagnosed when a biological or mechanic valve prosthesis had been implanted or if the valve dysfunction was considered significant by echocardiography.
The hospital ethics committee approved the study, patients gave informed consent to participate, and the protocol conformed to the principles outlined in the Declaration of Helsinki.
Laboratory measurements
To obtain routine laboratory determinations and NTproBNP concentrations, fasting serum blood samples were obtained during the first visit to the HF unit. CA125 and NT-proBNP concentrations were measured with commercial electrochemiluminescence assays in a Modular E170 analyzer (both from Roche Diagnostics, Basel, Switzerland). The CA125 assay used a pair of monoclonal anti-CA125 antibodies, one labeled with biotin, the other linked to ruthenium chelates. The analyzer had a sensitivity of 0.60 KU/L, and the total imprecision at different concentrations was ≤ 2.5%, expressed as a coefficient of variation.
Statistical analysis
During follow-up, mortality or need for urgent heart transplantation and new hospital admissions due to worsening HF were assessed. The primary end-point was allcause mortality, which included need for urgent heart transplantation. The secondary end-point was worsening HF requiring hospital admission.
Continuous variables are expressed as mean ± SD and categorical variables as percentages. Continuous variables were compared using Student's t test. The χ 2 or Fisher exact test was used for categorical variables. The KruskalWallis test was used when necessary. Variables without homogeneous distribution were analyzed with the nonparametric Mann-Whitney test. To normalize CA125 and NT-proBNP measurements, the neperian logarithm of CA125 and NT-proBNP values was used, creating two new variables: ln-CA125 and ln-NT-proBNP. Without a clear cut-off for NT-proBNP in the literature, 3100 ng/L was selected because it was close to the mean NTproBNP value of our population and it had the best cutoff according to area under the curve (AUC) calculation, with a sensitivity of 62% and a specificity of 82% to predict mortality. A CA125 cut-off of 60 KU/L was used, in keeping with the best predictor of mortality identified by a previous study in patients with acute HF [22] . Based on these data, a new dichotomous variable was created for a CA125 value of 60 KU/L. Also, both variables were categorized for clinical practice and better interpretation.
To avoid overfitting multivariate models, two propensity score models [26, 27] were used to adjust for confounding factors. Propensity score analysis was performed using logistic regression for computing probability to fall in NT-proBNP 3100 ng/L or CA125 60 KU/L categories. This analysis was based on seven variables associated to end-points with the objective of eliminating differences in baseline patient characteristics that might affect event comparison. The AUC was 0.75 (0.66-0.84); P < 0.001 for NT-proBNP categories and 0.70 (0.61-0.80); P < 0.001 for CA125. Variables included in the propensity score were left atrial diameter, age, atrial fibrillation, left ventricular ejection fraction, estimated glomerular filtrate rate (eGFR), hemoglobin and interventricular septum thickness.
The independent associations between CA125 and NT-proBNP and survival were assessed with the Cox regression analysis. The models were adjusted for the two propensity scores performed previously.
Two Cox models were compared to test improvement in risk stratification: Cox-model 1 (adjusted model with NT-proBNP 3100 ng/L) vs Cox-model 3 (adjusted model with 4 groups according to the cut-off concentrations of CA125 and NT-proBNP) ( Table 1 ): The four groups in Cox model 3 were patients with both markers below the cut-off values, with only one elevated level (assessed for each biomarker), and with both markers above the cut-offs. The increase in the prognostic utility of NTproBNP and NT-proBNP combined with CA125 when adding sequentially to the model was evaluated by the integrated discrimination improvement (IDI) index. When two nested models are compared, IDI quantifies the increment in the predicted probabilities for the subset of patients experiencing the event and the decrease for those not experiencing the event. In simpler terms, it reflects an improvement in the average of the true positive rate without sacrificing its average true negative rate [28] . The proportionality assumption for the hazard function over time was tested by means of the Schoenfeld residuals. The discriminative ability of the final model was assessed by Harrell's C-statistic, and the calibration ability was assessed by the Gronnesby and Borgan test [29] . A two-sided P < 0.05 was considered statistically significant for all analyses. All analyses were performed using SPSS version 19.0 (Statistical Package for the Social Sciences, Chicago, Illinois) and R (R: A Language and Environment for Statistical Computing at http://www.R-project.org).
RESULTS
Baseline clinical characteristics
The mean age of the studied population was 72 ± 12 years; 63% were male. Clinical characteristics of the studied population and HF treatments according to the specified 4 groups are shown in Table 1 . Mean ejection fraction was 48% ± 17%, and half (77) of the patients had preserved ejection fraction. Ischemic heart disease was the most frequent etiology of HF, followed by hypertension and valve disease. The percentage of patients with HFrEF treated with ACEI/ARB was 85%, with beta-blockers 76% and with mineral corticoid receptor antagonists 56%, while in the HFpEF group the percentage of patients treated with ACEI/ARB was 69%, with beta-blockers 42% and with mineral corticoid receptor antagonists 39%. The percentage of patients treated with furosemide was similar in both groups, 84%.
Outcomes
No patient was lost during the mean follow-up of 17 ± 8 mo (range 2 to 32 mo). Monitoring of patients was blind-for decompensated HF) and 3 to cerebrovascular accident. The remaining patient had a diagnosis of ischemic heart disease and was lost to sudden death while being treated with chemotherapy for rectal cancer that appeared during follow-up. Mortality was similar for women (19%) and men (18%). There was a high incidence of worsening, new HF episodes: 106 patients required an admission for decompensated HF (68%), and nearly half (50 patients) were admitted more than once for HF during follow-up.
Prognostic implications of CA125
Older age, increased ventricular septum thickness and left atrial diameter, low eGFR and hemoglobin concentration, higher CA125 and NT-proBNP levels, the presence of atrial fibrillation, and worse NYHA functional class were all associated with mortality or need for urgent heart transplantation by univariate analyses (Table 2) . Hospitalization for worsening HF was associated with low eGFR, higher CA125 and NT-proBNP values, presence of atrial fibrillation, and worse NYHA functional class by univariate analyses (Table 3) . Patients who died and those who required admission for decompensated HF had significantly lower eGFR, had higher CA125 and NT-proBNP, and more frequently had atrial fibrillation and NYHA functional class Ⅲ. In univariate analyses, ln-CA125 was positively associated with ln-NT-proBNP (β = 0.39, P = ed to CA125 values. During follow-up, 27 patients died (17%), and 1 had progressive HF deterioration requiring urgent heart transplantation at one year. All 27 deaths were due to cardiovascular causes, 23 (85%) of them to progressive HF (3 of which required hospital admission (Table 4) . Two Cox models were compared to test improvement in risk stratification: Coxmodel 1 (adjusted model with NT-proBNP ≥ 3100 ng/L) vs Cox-model 3 (adjusted model with 4 groups according to the cut-off concentrations of CA125 and NT-proBNP). Cox-model 1 had good discriminative ability (Harrell's C-statistic = 0.774), and Cox-model 3 had slightly better discriminative ability (Harrell's C-statistic = 0.777) and good calibration ability (P = 0.39, Gronnesby and Borgan test). However, the C-statistic is not sensitive to changes when a new factor is included in a model. Therefore, when we compared Cox-model 1 vs Cox-model 3 by the IDI index, the discrimination slope of the Cox-model 3 was 4 percentage points higher than model 1 (P < 0.05). Survival curves adjusted by propensity scores from Coxmodel 3 ( Figure 1 ) showed risk stratification when HF patients were classified into the 4 groups defined by NTProBNP and CA125 cut-offs. Patients with both biomarkers elevated presented the worst survival.
DISCUSSION
In our study, a concentration of CA125 > 60 KU/L was identified as an independent predictor of mortality or of the need for urgent heart transplantation at mid-term follow-up. This biomarker also added prognostic information beyond that provided by NT-proBNP concentration. Patients with NT-proBNP ≥ 3100 ng/L and CA125 ≥ 60 KU/L had extremely low survival during follow-up.
CA125 and HF
CA125 is a cancer marker that can be synthesized in mesothelial cells from the peritoneum and pleura [30] . CA125 concentration is increased in patients with pericardial, pleural, and peritoneal effusions [30] . Increased CA125 concentration in patients with HF is believed to be multifactorial and secondary to the increased end-diastolic and pulmonary venocapillary pressure that causes interstitial pulmonary edema [31] , an inflammatory substrate present in HF. In addition, the appearance of pleural effusion and signs of congestion have been associated with increased CA125 [32] . The good correlation of CA125 with natriuretic peptides suggests a similar release mechanism related to an increase in intracavitary pressures and stress of both atrial and ventricular walls. It has also been suggested that mesothelial cells can secrete CA125 in response to activation of cytokines. Thus, the activation of either TNFalpha or interleukin-6 has been associated with elevated CA125, and the increase of these cytokines correlates with the severity of HF [7, 18] . It has been suggested that increased CA125 can be a sign of both congestion and inflammation; both parameters have been associated with poor prognosis in HF patients. Furthermore, due to the long half-life of CA125 (about 12 d) it can be used as an indirect marker of fluid retention in the weeks preceding blood extraction, in both acute and chronic HF. Especially in patients with stable HF, CA125 ≥ 60 KU/L can be an early sign of congestion that would identify patients with worse prognosis.
Previous studies
Numerous studies have examined the value of natriuretic peptides to assess the prognosis of HF [33] [34] [35] [36] , most of them performed in the emergency room or in patients with acute decompensated HF requiring hospitalization. Few of the studies focus on stable chronic HF [37, 38] . Earlier studies in acute HF patients associated increased CA125 with worse NYHA functional class, greater left atrial size, higher BNP, and poor prognosis at 6 mo follow-up [19, 20, 22] . A recent study by Ordu et al [37] reports that increased CA125 and NT-proBNP were similar in their capacity to predict prognosis in patients with stable HF [38] . Although our population differed from theirs, which included only patients with systolic dysfunction and elevated NT-proBNP, the CA125 concentrations were similar in both studies. Our patients were better controlled, with higher proportions receiving ACEI/ ARB, beta-blockers and spironolactone therapy. Both studies report a significant correlation between CA125 and NT-proBNP. However, Ordu et al [37] used a higher NT-proBNP cut-off value for patient stratification than previous studies [11, 15] . It is possible that with this high cutoff value the addition of CA125 did not improve upon the predictive value obtained with only NT-proBNP. However, lower NT-proBNP is frequently found in stable HF patients. In our study, CA125 ≥ 60 KU/L added prognostic information to that obtained from the ≥ 3100 ng/L NT-proBNP cut-off. In fact, when both biomarkers were elevated, the prognosis was very poor. In another recent study performed in stable patients with left ventricular dysfunction, a value of CA125 ≥ 60 KU/L was associated with an increased risk of cardiovascular death and hospitalization for HF [22] . Our study did not select patients according to the degree of left ventricular dysfunction; all patients diagnosed with HF were included. A high level of CA125 allowed the identification of patients with worse prognosis independently of their ejection fraction. This is important because almost half of all patients diagnosed with HF in the majority of epidemiological studies have preserved ejection fraction [39] . Furthermore, new biomarkers are under development to improve diagnosis and prognosis assessment in HF. Recently, experimental studies have suggested that changes in circulating microRNAs can be used as a biomarker of disease [40, 41] . However, these new molecular markers are still under investigation, On the contrary, more than 10 years of experience with natriuretic peptides and CA125 have already been reported [12, 20] . Although the value of natriuretic peptides for the diagnosis of HF has been widely demonstrated, its usefulness to assess prognosis in some cases remains controversial. Thus, in advanced HF, there is controversy whether BNP concentration helps identify patients requiring heart transplantation [42, 43] . Similarly, in asymptomatic individuals with HF and those in pre-HF stages, NT-proBNP failed to predict the patients who presented with clinical HF during follow-up [44] . Other limitations to the use of natriuretic peptides exist, particularly with NT-proBNP since cut-off points for assessing prognosis have not been clearly established. Therefore, the addition of CA125 may help to improve prognosis assessment in patients with stable HF.
Limitations
In this study the inclusion criterion was the diagnosis of HF. The predictive value of CA125 possibly could have been even greater if left ventricular dysfunction had been a selection criterion. Although the cohort was relatively small, mortality and hospitalization rates were similar to previous studies analyzing stable HF patients. When the study population was divided according to CA125 and NT-proBNP values, some subgroups were quite small. Nonetheless, increased CA125 concentration was effective in identifying stable HF patients at high risk of death and new admissions for worsening HF, and despite having a relatively small sample size the results are consistent with those obtained in previous studies in acute HF.
In conclusion, CA125 is an excellent marker of prognosis in patients with stable HF. CA125 ≥ 60 KU/L identified patients at high risk of death or need for urgent heart transplantation. CA125 added prognostic information to the predictive value of NT-proBNP. Its easy determination and low cost may encourage its expanded use.
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Heart failure (HF) is the final phase of many heart diseases. The estimated prevalence is up to 3% in the European population. This prevalence increases exponentially with age. As the main cause of hospitalization, in patients over 65, HF is also associated with high costs. Despite recent advances in treatment, mortality is still high (12% per year) in stable patients, and there is a high rate of hospital readmissions due to worsening HF. Even though a high number of clinical parameters have been associated with poor outcome in patients with stable HF, the assessment of prognosis is still a challenge.
Research frontiers
Several biomarkers have been used to assess the prognosis of patients with HF. Although the natriuretic peptides are considered the most widely used bio-
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Méndez AB et al . CA125 concentration in HF prognosis markers, they still have some limitations. Increased concentrations of natriuretic peptides have been associated with worse prognosis in patients hospitalized for worsening HF. However, its utility to identify patients at high risk of death in stable HF has been less studied. Furthermore, although new molecular biomarkers are under development to improve prognosis assessment in HF, they are not ready for clinical use. On the other hand, more than 10 years of experience with natriuretic peptides and carbohydrate antigen 125 (CA125) have already been reported.
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This study provides the results of a clinical investigation demonstrating that the combination of two well-known biomarkers, CA125 and N-terminal pro-brain natriuretic peptide (NT-proBNP), is useful to select patients with stable HF and poor outcome. CA125 concentration, when added to NT-proBNP, provides relevant prognostic information.
Applications
CA125 concentration can be routinely added to NT-proBNP assessment in stable HF patients, at a low cost, to identify patients at high risk of death or a worsening HF episode.
Terminology
CA125 is a biomarker previously used in the detection and monitoring of some cancers. It is a high-molecular-weight glycoprotein synthesized by epithelial cells of the serosa when there is inflammation and increased interstitial fluid. Elevated CA125 has also been found in patients with HF, with or without fluid retention.
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